The extraction of cinnamomum have been evaluated as green inhibitor for the corrosion of carbon steel in 1M HCl solution was investigated using weight loss, potentiodynamic polarization, electrochemical impedance spectroscopy (EIS), electrochemical frequency modulation (FEM) and energy dispersion spectroscopy (EDS) and scanning electron microscopy (SEM) methods of monitoring corrosion. The inhibitive property of the extraction is attributed to the presence of cinnamic aldehyde as major constituent in the extraction. Measurements showed that this extraction act as mixed-type inhibitor. The inhibition efficiency was found to increase with inhibitor concentration. Results obtained by various techniques are close to each other and maximum efficiency of 81.1 % is acknowledged at the inhibitor concentration of 600 ppm. Langmuir isotherm model is found most suitable to explain adsorption behavior of inhibitor for C-steel surface. Molecular adsorption of inhibitor over C-steel surface is found responsible for corrosion inhibition of C-steel in acid.
Introduction
Corrosion inhibitors are chemical compounds usually used in small concentrations whenever a metal is in contact with an aggressive medium. The presence of such compounds retards the corrosion process and keeps its rate to a minimum and thus prevents economic losses due to metallic corrosion. The chemical compounds that could be used for this purpose may be organic or inorganic. However, not just any chemical compound can be used as a corrosion inhibitor. There are some requirements that the compound must fulfill to do so.
Regarding the chemical structure and chemical behavior, an inorganic compound must be able to oxidize the metal, forming a passive layer on its surface. On the other hand, a molecule of an organic compound must have some features that give it the ability to act as a corrosion inhibitor. Among these, the molecule may have a large structure, double bonds, an active center or group, etc.
These features give the molecule the ability to cover a large area of a metal surface with a firmly attached film [1] .
Apart from the structural aspects, there are also economic and environmental considerations. Thus, since the whole subject of corrosion is about its destructive economical effect, the used inhibitor must be cheap.
Furthermore, due to the recent increasing awareness of green chemistry, it must be a nontoxic and environmentally friendly chemical. One of the sources of these cheap and clean inhibitors is plants. Plant parts contain several compounds that satisfy the mentioned criteria. Many recent researches have adopted this trend and carried out their work on naturally occurring substances [2] [3] [4] [5] [6] [7] [8] [9] .
Promising results were obtained in previous work in this field. It was reported that Khillah extract inhibits steel corrosion in HCl solution with inhibition efficiency (%IE) as high as 99% [2] , while opuntia extract inhibits the corrosion of aluminum in the same acid with efficiency of about 96% [1] .
The aim of this work is to study the effect of using extract of cinnamomum as green inhibitor for the corrosion of C-steel in 1M HCl using weight loss method (chemical method) and the electrochemical techniques such as potentiodynamic polarization measurements, electrochemical impedance spectroscopy (EIS) techniques and electrochemical frequency modulation method.
Materials and Methods

Protein Sequence Extraction
The experiments were performed with C-steel specimens in the form of rods and sheets with the following composition (weight %):0.200 % C, 0.350 % Mn, 0.024 % P, 0.003 % S, and the remainder Fe. For electrochemical measurements, the sheets were welded with Cu-wire for electrical connection and mounted into glass tubes of appropriate diameter using Araldite to offer an active surface of 1 cm2 geometric area, to contact the test solution. Prior to each experiment, these sheets were polished with emery paper (400-1000 grade) to a mirror finish and degreased with trichloroethylene, washed with distilled water and then dried. A conventional electrochemical cell of capacity 100 ml was used containing three compartments for C-steel as working electrode, platinum foil with a 1 cm 2 surface area was chosen as the counter electrode and saturated calomel electrode (SCE) via a Luggin capillary probe was used as the reference. All reagents used (HCl) for this study was of analytical grade and were used as received and distilled water was used for their preparations. All experiments
were carried out open to the atmosphere. The experiments were repeated and reproducibility was tested and confirmed.
Cinnamomum extraction
This seeds are very popular in world and used in many regions. Seeds of this plant contain many organic 122 |2019, 2 (3): 120-133 compounds as cinnamic aldehyde [10] [11] [12] . This seeds is selected for the study due to simple extraction method, non toxic nature, low cast and presence of effective organic compounds which contain C and O heteroatoms, -CO group and π electrons in their structure. Although crude extract is used in this study for simplicity and effective cost but we are working on purification of the extract to enhance the inhibition efficiency at low concentration.
Fresh seeds were bought from the local market and washed with double distilled water. Seeds were cut and dried at 40˚C for two days. Powdered form of seeds was obtained using grinder and distilled water was added to make a solution. This solution was kept at room temperature for two days with constant stirring. Further extract was filtered and water was evaporated using rotary evaporator. Solid residue obtained by this process was again dissolved in 100 mL distilled water and stock solution was prepared.
Weight loss method
The samples measuring 2 x 2 x 0.2 cm were prepared as before. The specimens were immersed in 250 ml beaker, which contained 100 ml of 1 M HCl with and without different concentrations of inhibitors. The inhibition efficiency (IE) of the inhibitor and corrosion rate (CR) in mg cm -2 min -1 of C-steel in HCl solution were calculated using equations (1) and (2) respectively [13] :
Where W1 and W2 are the weight losses (mg cm -2 ) in the presence and absence of the extract, respectively, A is the area of the specimen in cm -2 and t is the period of immersion in min.
Potentiodynamic polarization measurements
Before 
Where icorr(free) and icorr(inh) are the corrosion current densities in the absence and presence of extract, respectively.
Electrochemical impedance spectroscopy method
The EIS spectra were recorded at OCP after immersion of the electrode for 30 min in the test solution in order to attain steady state. The AC signal was 5 mV peak to peak and the frequency range studied was between 100 kHz and 0.2 Hz.
The % IE and the surface coverage (θ) of the used inhibitors obtained from the impedance measurements can be calculated using equation (4) 
Results and Discussion
Weight loss measurements
The weight loss-time curves of C-steel specimens in 1 M HCl solution, with and without different concentrations from the investigated cinnamomum extract, were determined after 3h of immersion at 25C which are given in Fig. 1 . The IE percent are given in Table 2 . The presence of inhibitor reduces the corrosion rate of C-steel in HCl. This assertion is made from the non-uniformity or nonlinearity of the plots obtained [16] .
Adsorption isotherm and thermodynamics parameters
The mechanism of the interaction between inhibitor and the metal surface can be explained using adsorption isotherms.
Assuming direct relationship between surface coverage and inhibition efficiency, the degree of surface coverage, θ, was computed for the different concentrations of the extract from weight loss measurements as follows:
The surface coverage values obtained were applied to various adsorption isotherm models. By far, the best equation was found to obey Langmuir adsorption isotherm ( Fig. 2 ), which is formulated as in equation (5):
Where, Kads is the adsorption equilibrium constant of the inhibitor, C is the inhibitor concentration and θ is the surface coverage. The free energy of adsorption (ΔG°ads) can be obtained from equation (6):
log Kads = -log 55.5 -ΔG°ads/ 2.303RT
Where, R is the universal gas constant, T is the absolute temperature, the value 55.5 is the concentration of water on the metal surface in mol/L. The negative values of ∆G • ads in Table 3 suggested that the adsorption of inhibitor molecules onto C-steel surface is a spontaneous process. Generally, values of ∆G • ads up to -20 kJ mol -1 are consistent with the electrostatic interaction between the charged molecules and the charged metal (physical adsorption) while those more negative than -40 kJ mol -1 involve charge sharing or transfer of electrons from the inhibitor molecules to the metal surface to form a co-ordinate type of bond (chemisorption) [17, 18] .
The large Kads value gives better inhibition efficiency due to strong electrical interaction between the double layer and adsorbing inhibitor molecules while a small Kads value with an intercept equal to ∆H°ads and with slope equal to ∆S°ads in Equation (7): ∆G°ads =∆H°ads -T∆S°ads
The negative sign of H°ads indicated that the adsorption of inhibitor molecules is an exothermic process in all cases. The sign of S°ads is negative because inhibitor molecules freely moving in the bulk solution were adsorbed in an orderly fashion on to C-steel, resulting in a decrease in entropy [19] . Moreover, from thermodynamic principles, since the adsorption was an exothermic process, it must be accompanied by a decrease in entropy [20] .
3.3-Effect of temperature
Temperature plays an important role on metal dissolution. The corrosion rate in acid solution, for example, increases exponentially with temperature increase because the hydrogen evolution overpotential increases [21] .
In order to access the effect of temperature on the 
Where CR is the corrosion rate, Ea * is the apparent activation energy, R is the molar gas constant, T is the absolute temperature, and A is the frequency factor. Table 3 . It is clear that Ea * values in the presence of the different concentrations of the extract are higher than in their absence. The higher in apparent activation energy in the presence of the extract denotes physical adsorption while the reverse is usually attributed to chemical adsorption [22] . This conclusion is denoted by the decrease in inhibition efficiency with increasing temperature (Table 2) . Similar result has been reported by Okafor et al. [23] on the inhibition of acid corrosion of carbon steel using aqueous extract of P.
amarus seeds and leaves. Moreover, the increase in activation energy is proportional to the inhibitor concentration, indicating that the energy barrier for the corrosion process is also increased [24] . An alternative formulation of Arrhenius equation is [25] :
Where h is the Planck's constant and N is the Avogadro's number, ΔS * is the entropy of activation, and ΔH * is the enthalpy of activation. Figure 6 shows a plot of Log (CR/T) as a function of 1/T. Straight lines were obtained with a slope of (ΔH * / R) and an intercept of (lnR/ Nh -ΔS * /R) from which the values of ΔH * and ΔS * were calculated Table   4 . The positive values of ΔH * both in the absence and presence of the extract reflect the endothermic nature of the C-steel dissolution process. It is also clear that the activation enthalpies vary in the same manner as the activation energies, supporting the proposed inhibition mechanism. Large and negative values of entropies imply that the activated complex in the rate determining step represents an association rather than a dissociation step, meaning that a decrease in disordering takes place on going from reactants to the activated complex. Similar observation has been reported in the literature [25] .
-Potentiodynamic polarization measurements
Potentiodynamic polarization curves for C-steel in suggesting the effect of extract is more pronounced at anodic site. It was reported before [26] that, if the displacement in corrosion potential is more than 85 mV with respect to corrosion potential of uninhibited solution, the inhibitor can be seen as a cathodic or anodic type. In our study the maximum displacement was 15 mV, indicating that Cinnamomum extract belonged to mixedtype.
Electrochemical impedance spectroscopy (EIS)
The corrosion of C-steel in 1 M HCl in the presence of Cinnamomum extract was investigated by EIS method at 25 ºC. Impedance parameters, such as, charge transfer resistance Rct, which is equivalent to Rp, and the double layer capacitance Cdl are derived from the Nyquist plot ( Fig. 7 ) and are given in Table 6 
Where f is maximum frequency, ω is the angular velocity.
Electrochemical Frequency modulation (EFM)
The EFM is a non-destructive corrosion and % IE) are given in Table 7 .
From Table 7 , the corrosion current densities decrease by increasing the concentration of cinnamomum and the inhibition efficiency increases by increasing the extract concentration. The causality factors in Table 7 It is seen that, in addition to Mn, O, and C were present in the spectra. A comparable elemental distribution is shown in Table 7 . It is important to stress out that when the compound is present in the solution, the morphology of C-steel alloy surfaces is quite different from the previous one, and the specimen surfaces were smoother. We noted the formation of a film which is distributed in a random way on the whole surface of the C-steel alloy.
Scanning Electron Microscopy (SEM) Studies
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This may be interpreted as due to the adsorption of Cinnamomum extract on the C-steel alloy surface incorporating into the passive film in order to block the active site present on the C-steel alloy surfaces. Due to the involvement of inhibitor molecules in the interaction with the reaction sites of C-steel alloy surface, resulting in a decrease in the contact between C-steel alloy and the aggressive medium and sequentially exhibited excellent inhibition effect. On the basis of facts discussed above it can be said that corrosion inhibition greatly depends upon adsorption of inhibitor molecules over surface of mild steel. In our case adsorbed inhibitor molecules accumulated at the metal/acid interface and constructed a layer surrounding mild steel. This layer prevented mild steel from further being corroded.
Mechanism of corrosion inhibition
Conclusions
Based on the above results, the following conclusions can be drawn: Aqueous extract of Cinnamomum extract was found to be an efficient inhibitor for the corrosion of C- The inhibition efficiencies determined by mass loss and electrochemical methods are in reasonable good agreement. Thus the Cinnamomum extract was proved to be an effective eco friendly and low cost inhibitor [31, 32] .
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